University of Texas at El Paso

DigitalCommons@UTEP
Open Access Theses & Dissertations

2014-01-01

Situational Assessment of Multi Sensor Data
Eduardo Estrada
University of Texas at El Paso, eestrada11@miners.utep.edu

Follow this and additional works at: https://digitalcommons.utep.edu/open_etd
Part of the Electrical and Electronics Commons
Recommended Citation
Estrada, Eduardo, "Situational Assessment of Multi Sensor Data" (2014). Open Access Theses & Dissertations. 1237.
https://digitalcommons.utep.edu/open_etd/1237

This is brought to you for free and open access by DigitalCommons@UTEP. It has been accepted for inclusion in Open Access Theses & Dissertations
by an authorized administrator of DigitalCommons@UTEP. For more information, please contact lweber@utep.edu.

SITUATIONAL ASSESSMENT OF MULTISENSOR FUSION DATA

EDUARDO ESTRADA
Department of ELECTRICAL AND COMPUTER ENGINEERING

APPROVED:

Thompson Sarkodie-Gyan, Ph.D., Chair

Wei Qian, Ph.D.

Scott Starks, Ph.D.

Amr Abdelgawad, M.D.

Charles Ambler, Ph.D.
Dean of the Graduate School

Copyright ©

by
Eduardo Estrada
2014

Dedication

This thesis is dedicated to my parents, Mariana Urzua, family and friends who have been helping
me during this time. To the professors and advisors who guided me to have a successful
education and a great learning experience. I am very thankful to my mom and dad who helped
me financially fund my education, and to their great advise in life. To all the students who
walked with me in this process to achieve a greater goal in life.

SITUATIONAL ASSESMENT OF MULTISENSOR FUISION DATA
by

EDUARDO ESTRADA, B. S. in Electrical and Computer Engineering

THESIS

Presented to the Faculty of the Graduate School of
The University of Texas at El Paso
in Partial Fulfillment
of the Requirements
for the Degree of

MASTER OF SCIENCE

Department of Electrical and Computer Engineering
THE UNIVERSITY OF TEXAS AT EL PASO
December 2014

Acknowledgements
Bhaskar Majumdar Ph. D., Thompson Sarkodie-Gyan Ph. D., Bryan E. Usevitch, Marina
Urzua-Alvarado, The University of Texas at El Paso,

v

Table of Contents
Acknowledgements ..........................................................................................................................v
Table of Contents ............................................................................................................................vi
List of Tables ................................................................................................................................viii
List of Figures .................................................................................................................................ix
Chapter 1 ..........................................................................................................................................1
Introduction .....................................................................................................................................1
1.1

Statement of the problem ...............................................................................................1

1.2

Purpose of the Study ......................................................................................................2

1.3

Comparison to other products........................................................................................2

1.4

Limitations .....................................................................................................................3

Chapter 2 ..........................................................................................................................................4
Literature ..........................................................................................................................................4
2.1

Strain gauge sensor ........................................................................................................4

2.2

Multiple Sensor Fusion..................................................................................................7

Chapter 3 ..........................................................................................................................................9
Circuit and Interface .......................................................................................................................9
3.1

Circuit and sensor fusion ...............................................................................................9

3.2

NI USB 6000 interface ................................................................................................12

Chapter 4 ........................................................................................................................................13
Results ............................................................................................................................................13
4.1

Quantitative .................................................................................................................13

4.2

Graphing Data..............................................................................................................18

Chapter 5 ........................................................................................................................................20
Discussion .....................................................................................................................................20
5.1

Introduction .................................................................................................................20

5.2

Discussion....................................................................................................................20

5.3

Recommendations for future research .........................................................................20
vi

5.4

Conclusion ...................................................................................................................21

References ......................................................................................................................................23
Vita .................................................................................................................................................24

vii

List of Tables
Table 4.1: First Trial ......................................................................................................................16
Table 4.2: Second Trial ..................................................................................................................17
Table 4.3: Averaged Voltages.........................................................................................................18
Table 5.1: Position/Sensor Relationship ........................................................................................21

viii

List of Figures
Figure 1.1: M-shape.........................................................................................................................2
Figure 2.1: Strain Gauge Sensor and how it operates.....................................................................4
Figure 2.2: Quarter-bridge strain gauge circuit ...............................................................................4
Figure 3.1.1: Circuit Part 1 ..............................................................................................................9
Figure 4.2: Position 2 ....................................................................................................................13
Figure 4.5: Position 5 ....................................................................................................................15
Figure 4.6: Position 6 ....................................................................................................................15
Figure 4.7: Position 7 ....................................................................................................................16
Figure 4.8: First Trial .....................................................................................................................17
Figure 4.9: Second Trial ................................................................................................................18
Figure 4.10: Averaged Voltages .....................................................................................................19
Figure 5.1: Continuous walking M-shape shape ...........................................................................21

ix

Chapter 1
Introduction
The importance of sensors has grown dramatically through the years, specially since they
have the capability to create a specific task. Multiple sensor fusion is an area that has rapidly
grown due to its multiple and beneficial applications. It is common to develop devices that have
multiple sensors; however, the fusion of these multiple sensors to make a single output is
remarkable. In fact, this is the way people chose to try to model the human body which has
innumerable sensors and makes one decision. The development of sensor fusion not only helps
create innovations in technology, but has the potential in diagnosing several medical conditions.
Some of these medical conditions such as Parkinson's disease and strokes may affect the way a
person walks. Here, we will develop a multiple sensor device that records the ground reaction
force in the foot and the way a person walks and can detect anomalies.

1.1

Statement of the problem
There are several neurological conditions such as strokes and Parkinson’s disease that

have an impact on how a person walks. With the strain gauge sensors we will be able to detect
any anomalies in the way a person walks, since we are looking at a specific shape that a person
with out these condition would create. If this device can detect the shape we are looking for, then
we can establish a constant walking patter for a healthy person, and we could detect the
anomalies in the walking pattern. Using sensor fusion we are going to be able to fuse five strain

1

gauge sensors with three inputs, which will create a total of fifteen outputs which need to be
fused into three independent outputs.

1.2

Purpose of the Study
The reasons why we develop this experiment is to prove that when a healthy person

walks they create an M-shape that will be described in the figure 1.1. If this figure is achieved
then this will prove that the ground reaction force exerted in the z-axis by the person is as
expected by the article of “An approach to sensor fusion in medical robots”. If a person has a
variation from this M-shape then a medical doctor can use this to diagnose any health problems
and even any neurological problems the person can have. Also the person who has already been
diagnosed with such disease or previous history of the medical can detect if the problem persist
or if an episode happened, in the case of a stroke.

Figure 1.1: M-shape
1.3

Comparison to other products
There are several devices out there that might do similar things, for example we have the

WalkwayTM System which maps the pressure of a person that walks in this mat. The major
difference is that this system is a mat where you would have to walk on it to detect any
2

anomalies, where in the shoe you could wear it all day and if an episode of stroke or other
disease happens the shoe can detect it.
The second product or device in which we compare it is to the pressure sensitive shoe
soles. In this product the soles detect the pressure that the foot would exert while walking or
running which is used to estimate joint kinetics. As mentioned earlier the product that we
developed is used not only to measure force but to measure displacement with the strain gauge
sensors.

1.4

Limitations
There are a few limitations for this project, one of them is that we could only create one

shoe sole to a specific shoe size, limiting the number of people that cold actually be tested. The
second limitation is that the shoe could not be tested on people who actually had the disease of
health issues that have been described previously. Lastly, the reason that we could not entirely
develop the device is that there was no one with the professional capabilities to install the
sensors.

3

Chapter 2
Literature
2.1

Strain gauge sensor
The strain gauge sensor is a sensor that is in nature a metal that has been stretched to

create increased electrical resistance. If this strip of metal is placed on a surface and applied
under compressive force with out bulking, it will broaden or shorten depending on the force and
the location of the force applied to it. This is in essence how the strain gauge sensor is created,
and used to measure force.

Figure 2.1: Strain Gauge Sensor and how it operates

Figure 2.2: Quarter-bridge strain gauge circuit
4

2.1.1

How it works
In figure 2.1 we will find a visual description on how a strain gauge sensor works. We

will measure the resistance change in the sensor to measure how force will bend it or compress
it. But this sensor alone is not enough to provide us with the necessary information, the sensor
needs to be incorporated to a circuit called a quarter- bridge circuit shown in figure 2.2. Here the
sensor will be used as a common resistor then we can use this to measure the voltage across the
two points show in figure 2.3 called V.

Figure 2.3: Strain gauge and quarter bridge example
In figure 2.3 if force is applied as shown then the resistance in sensor labeled Rgauge#1 will
go up due to the bending of the wire inside. In the other hand, the sensor labeled Rgauge#2 is
compressing causing the sensors resistance to decrease. In the quarter-bridge circuit if the
resistance increases on a single sensor the voltage will drop across the quarter-bridge, this is
governed by the following equation.
5

In which our R4 will be the strain gauge that we will use, of value 120 ohms for every
strain gauge. To make out circuit calculations easier R4 and R2 will be of the same resistance
value and also R1 and R3. For our circuit we will get the V for output the left side being the
positive V output and the right side, where the sensor is located, will be the negative output.
The strain gauges that will be used in this project are the KHF-6-120-D17-11L3M3S,
which contains three strain gauges. The three strain gauges are located at three different angles,
0o, 45o and 90o degrees. We will use these three different positions to verify the position of the
ground reaction force points. All five of these sensors are aligned in a vertical line across the
shoe sole. The figure 2.4 you can see how these sensors are aligned.

5
4
3
2
1

Figure 2.4: Shoe Sole and location of sensors.
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2.2

Multiple Sensor Fusion
Since a single sensor can fail at any given time, it is not recommended to only use a one

sensor when trying to obtain a accurate reading specially if the system needs to measuring at a
constant rate. Having multiple sensors would help the system know if its operating at a normal
rate, not only helping the user but also helping the system it self. Similarly this is how humans
“work” their senses tell them whether or not something is working properly. Like human vision
for example, if a person notices that he can no longer see properly then the person will know that
he needs to start to wear glasses or that he needs surgery in his eye. Sensors are needed to
simulate what humans see, feel, hear, smell and taste. To process al of this information a fusion
of multiple sensors is needed because one of the senses is not enough to make the right decisions
in some cases. There are several characteristics that help describe the advantages of sensor
fusion.
Redundant information from the sensors can actually help reduce overall uncertainty, by
using the information from all sensors. When using a single sensor the opportunity to get rid of
uncertainties is very low. Multiple sensors that provide redundant information serves as an
increase in reliability of the system incase that a sensor fails or an error occurs.
In our system the fusion creates one more characteristic, complementary information,
which allows features of the environment in greater depth, which would be nearly impossible by
a single sensor. Since each sensor is creates independent information, but also this information
can be redundant, it will help create a better system where each sensor complements other
sensors.
The third characteristic would be that the sensors will provide a more timely information
that can be compared to a single sensor. Since the information of the sensors will be processed in
7

parallel to all other sensors, making the system integration easier. The last characteristic that
makes multi sensor fusion a good option is that the buying cost of multiple sensors is less when
buying in greater quantities.
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Chapter 3
Circuit and Interface
3.1

Circuit and sensor fusion
The circuit is composed of thee main parts, the quarter bridge, the amplification of the

signals (op-amps) and the adder circuit. The two most important parts of the circuit are the
quarter bridge and the adders. Amplifying the signals through the operational amplifiers is a
more known method using amplifiers. The full circuit is shown in figure 3.1.

Figure 3.1.1: Circuit Part 1
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Figure 3.1.2: Circuit Part 2
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3.1.1

Quarter Bridge
The quarter ridge is a circuit described in section 2.1 that will help us create the voltage

that each sensor will give for as an output. A total of fifteen quarter bridges are used as they are
visible in figure 3.1 and the input voltage that will be applied to each of the quarter bridge
circuits is 4.5 volts DC.

3.1.2

Operational Amplifier
The operational amplifier circuit where the output voltages of all fifteen quarter bridge

circuits become amplified. In figure 3.1 all the incoming inputs to each of the operation
amplifiers will be amplified and filtered through this circuit. The gain of the circuit is 10 to
increase the small signals that need to be amplified. Potentiometers are included in the circuit to
adjust each the incoming signal and filter out unwanted noise. Conventional 741 op-amps are
used, and the input signal comes in through the negative part of the op amp, so it becomes
inverted signal.

3.1.3

Adder
In the circuit the fusion occurs in the adder components, which we used the AD633 adder

chip. The chip is governed by the equation,
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but since we only want to add the signals equally we set the Y1 input to 10 volts and the Y2 and
X2 to zero volts in order to get the next equation which will add two signals and give one out put
from the chip in real time. So now the equation that will govern the adder will be the following,

where X and Z are our two inputs that come from operational amplifiers. To add the total of five
signals we need four adders, this will give us only one output.

3.2

NI USB 6000 interface
The interface that we are going to use to capture the information is the NI USB-6000, and

we are only going to need three inputs and a ground input. The software that we are going to use
is LABVIEW to camper the data. The interface creates a sinusoidal wave from the input that it
receives, since the the inputs we receive are phase shifted by 45 degrees we should be able to see
the three phases in the sinusoidal inputs.
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Chapter 4
Results
4.1

Quantitative
After the entire circuit was connected to the power sources then we tested with a healthy

person. The shoe size that was used is size 11 mens, the height is 5’10” and the weight is 230 lb.
The first results can be seen in a series of of figures 4.1 - 4.7 these are screen shots taken from
the computer when the person was walking.

Figure 4.1: Position 1

Figure 4.2: Position 2
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Figure 4.3: Position 3

Figure 4.4: Position 4
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Figure 4.5: Position 5


Figure 4.6: Position 6
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Figure 4.7: Position 7
When the data in table 4.1 is graphed we obtain the following graph in figure 4.8 and
from this figure we can see we obtained an opposite shape of what we where expecting, since it
has a 180 degree phase shift. This was due to the connections in the quarter bridge connections
where incorrectly connected. After changing these connections and testing the shoe we obtained
the following results in table 4.2. Which is the M-shape that were were looking for, but we need
to repeat the test on several times to see if the result is repeatable.

Table 4.1: First Trial
Position

Voltage 0 deg.

Voltage 45 deg Voltage 90 deg

Position 1

2.22

2.209

2.231

Position 2

2.208

2.2

2.221

Position 3

2.204

2.194

2.216

Position 4

2.208

2.198

2.225

Position 5

2.203

2.194

2.22

Position 6

2.224

2.215

2.236

Position 7

2.245

2.235

2.258
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45 deg

0 deg.

90 deg

Figure 4.8: First Trial
Table 4.2: Second Trial
Position

Voltage 0 deg.

Voltage 45 deg.

Voltage 90 deg.

Position 1

2.218

2.211

2.231

Position 2

2.232

2.222

2.239

Position 3

2.236

2.23

2.246

Position 4

2.232

2.225

2.238

Position 5

2.237

2.231

2.247

Position 6

2.229

2.221

2.24

Position 7

2.219

2.212

2.23
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45 deg

0 deg.

90 deg

Figure 4.9: Second Trial
4.2

Graphing Data
To graph the data PAGES software was used, and we graphed table 4.1 and table 4.2.

After 5 repetitions we could see that the values obtained from the voltages vary plus-minus .004
volts. After averaging all the data we obtained the following table 4.3 and graphing this table we
get figure 4.10, which is the averaged M-shape.

Table 4.3: Averaged Voltages
Position

Voltage 0 deg.

Voltage 45 deg.

Voltage 90 deg.

Position 1

2.221

2.21

2.23

Position 2

2.232

2.223

2.24

Position 3

2.236

2.23

2.246

Position 4

2.232

2.226

2.237

Position 5

2.237

2.231

2.249

Position 6

2.224

2.219

2.239

Position 7

2.219

2.214

2.231
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45 deg

0 deg.

90 deg

Figure 4.10: Averaged Voltages

In figure 4.10 we can see that all three sensors inside the strain gauge produce the Mshape that we are looking for in a healthy person. This also shows that the method is precise and
reproducible hence the variations on the method is less that plus-minus 0.005 volts.
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Chapter 5
Discussion
5.1

Introduction
Establishing a basis for the multi sensor fusion is important, because it helps generate a

greater accuracy or higher precision devices. The sensor fusion helps develop devices that need
to have a single output whose information needs to be processed in real time. The results
obtained helped to prove that the M-shape when a person walks is achievable using the method
in this experiment.

5.2

Discussion
There are several limitations for this project, which were discussed previously, having

them in mind, we can keep improving our project. We were not able to test this on a person with
health issues, therefore we could not see if the results would vary from the ones obtained in the
project.

5.3

Recommendations for future research
For future research, this method can be improved by testing various people, healthy and

non-healthy to establish a pattern for each health problem. This could help if there is a stablished
graph then any person could be easily diagnosed. Also making an interface that can be portable,
so a person could carry this device and have the information stored in a memory that later could
be downloaded to a computer where a doctor could use it to detect any patterns that could be a
sign of a disease.
20

Table 5.1: Position/Sensor Relationship

Location

Sensor #

Position 1

None

Position 2

1

Position 3

1,2,3

Position 4

1,2,3,4,5

Position 5

3,4,5

Position 6

4,5

Position 7

None

Figure 5.1: Continuous walking M-shape shape
5.4

Conclusion
The fusion of the strain gauge sensors helps us measure the exerted force as a person

walks, creating the expected M-shape. Leading to the conclusion that as a person walks, they
strike with the heal with a higher force than when they finish the step in the front part of the foot.
When the entire foot has contact with the surface, the total force is exerted evenly through out
the shoe sole. This description of the way a person walks can be observed in table 5.1. When this
happens all the sensors have less force being applied to them, dropping the voltage. All the
21

values and measurements lead us to determine the walking pattern of a healthy person, shown in
the following figure 5.1. This method of multi sensor fusion has successfully helped us prove
that it is an efficient procedure to detect the walking motion of a human being.
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